Four isolates of spotted fever group rickettsiae isolated from ticks in China were compared with all known species and strains of spotted fever group rickettsiae by immunofluorescence assay, DNA polymerase chain reaction followed by restriction endonuclease fragment length polymorphism analysis, sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and Western immunoblot. The Chinese isolates belonged to three types, including a novel serotype which has not been described before. One isolate obtained from tick ova of Dermacentor nuttaUii in Inner Mongolia was antigenicaily and genotypicaily identical to Rickettsia sibirica. Two isolates obtained from Dermacentor sinicus collected from Beiing were identical, different from other members of spotted fever group rickettsiae but apparently closely related to R. sibirica. HA-91, a strain isolated from Hyalomma asiaticum bv. kozlovi olenew, was antigenically and genotypically unique among spotted fever group rickettsiae, and we feel that data presented here should prompt consideration of it as a new species on the basis of current rickettsial taxonomy.
Spotted fever group (SFG) rickettsiae are obligate intracellular bacteria transmitted to humans by the bite of infected ticks or mites. Several species of SFG rickettsiae are recognized throughout the world (21) . SFG rickettsioses have only recently been recognized in China. The only species of SFG rickettsiae known in China is Rickettsia sibirica, the causative agent of North Asian tick typhus (5, 10) . In this report, three new isolates of rickettsiae from ticks in China were characterized by using restriction endonuclease fragment length polymorphism (RFLP) analysis of polymerase chain reaction (PCR)-amplified DNA and protein immunoblotting. We also demonstrate that one isolate of these rickettsiae belongs to a new serotype of SFG rickettsiae.
MATERIALS AND METHODS
Isolation of rickettsiae from ticks. Ticks were collected from domestic or wild animals and classified by local entomologists. Dermacentor sinicus ticks were collected from Changping County of Beijing in June 1990 and May 1991, and Hyalomma asiaticum kozlovi olenew ticks were collected from the Alashian region of the Inner Mongolia autonomous region in May 1991 (Fig. 1) . The ticks were surface sterilized by immersion in 70% alcohol for 10 min and then rinsed with distilled water for 10 min. Each tick was initially tested by the hemolymph test (4) . One leg of the tick was cut off and a drop of hemolymph was applied to a slide and stained by the method of Gimenez (12) . Ticks positive by hemolymph test were homogenized and suspended in SPG (218 mM sucrose, 3.8 mM KH2PO4, 7.2 mM K2HPO4, and 4.9 mM monosodium L-glutamic acid; pH 7.0) buffer (2) . The The specificity difference (SPD) between each pair of strains was calculated according to the formula SPD = (Aa + Bb) -(Ab + Ba) (15) , where Aa (or Bb) is the antibody titer of serum A (or B) reacted with heterologous antigen b (or a). In this formula, antibody titers were expressed as the log2 of the endpoint titer. If the SPD between two strains was .3 (P < 0.01), they were considered two distinct species (15) .
Purification of rickettsiae. The rickettsia-infected cells were centrifuged at 7,000 x g for 10 min. The pellet was suspended in K36 buffer (0.1 M KCl, 0.05 M phosphate buffer, 0.015 M NaCl; pH 7.0) (20) and sonicated in an ice bath. The suspension was loaded onto a cushion of 30% sucrose in K36 buffer and centrifuged at 7,000 x g for 30 min. The resulting pellet was purified by Renografin density gradient centrifugation (20) . The light and heavy bands were harvested and washed with K36 buffer at 7,000 x g for 10 min. The purified rickettsiae were resuspended in distilled water. The rickettsial-protein concentrations were quantified by the method of Lowry et al. (14) .
SDS-PAGE and Western blot. SDS-PAGE was performed as described previously (13); 4% stacking and 7.5% separating gels with 2.6% cross-linking were used. The purified rickettsiae were solubilized in Laemmli (13) PCR amplification, DNA digestion, and electrophoresis. The samples for PCR amplification were prepared as described previously (1, 7). A 1.5-ml sample of rickettsiainfected L929 cells was washed three times with distilled water by centrifugation at 17,500 x g for 5 min. The resulting pellet was resuspended in 100 ,ul of distilled water and boiled for 10 min; 10 ,ul of this material was used as DNA templates. DNA amplification, digestion, and electrophoresis were carried out as described previously (16 
RESULTS
Isolation of the new strains. Two strains of rickettsiae were isolated from D. sinicus and one strain was isolated from H. asiaticum kozlovi olenew. All of these rickettsiae were pathogenic to guinea pigs. All caused fever (40 to 42°C) and scrotal swelling. No deaths among guinea pigs were observed. The incubation time for the guinea pigs was between 2 and 5 days, depending on the initial numbers of rickettsiae inoculated. The rickettsiae were observed intracellularly on the smear of guinea pig scrotal tissue after staining by the method of Gimenez (12) (data not shown). All isolates grew well in embryonated hens' eggs and cell culture.
PCR-RFLP. Results of the PCR-RFLP analysis are shown in Fig. 2 to 7 . Amplification by using the Rp CS.877p and Rp CS.1258n primer pair and digestion with restriction endonuclease AluI demonstrated that all Chinese isolates (Fig. 2) had the typical profiles of the SFG rickettsiae (16) used, the PCR products of all rickettsiae had the same patterns on agarose gels except for that of Barbash strain, whose molecular weight was much less than those for other SFG rickettsiae (data not shown). The amplification products of all rickettsiae with these primer pairs were digested by restriction endonucleases PstI and RsaI except for the PCR product of R. japonica, which could not be digested by RsaI (Fig. 3) . Restriction of these products with RsaI demonstrated that all Chinese strains were divided into two distinct genotypic groups: one group including BJ-90, BJ-91, and IMTO-85 had PCR-RFLP patterns identical to those of R sibirica; HA-91 belonged to another group whose PCR-RFLP patterns were different from those of R. sibirica but identical to those of R parkeri and similar to those of strains of R cononii ( Fig. 3 and 6 ). Ethiopia tick typhus rickettsia, and Israel tick typhus rickettsia had identical profiles, but HA-91 had patterns different from those of R. conorni Moroccan strain and Indian strain and Kenya tick typhus rickettsia (Fig. 4) .
The Rr 120.BG 3 and Rr 120.BG 4 primer pair was further used for PCR-RFLP analysis of strain HA-91 and R. parkeri, since they were not differentiated by digestions with RsaI and PstI, respectively, of PCR-amplified DNA derived from the Rr 190.70p and Rr 190.602n primer pair. Rickettsial DNA amplified with the Rr 120.BG3 and Rr 120.BG4 primer pair digested with RsaI demonstrated that the profiles of strain HA-91 and R. park;eni were different from those of Ethiopia tick typhus rickettsia and Israel tick typhus rickettsia ( Fig. 5  and 7 ). AluI digestion of these PCR products did not disclose additional differences between strain HA-91 and these rickettsiae (data not shown). (6) . The protein profiles of the rickettsiae showed that all strains shared many common proteins with low molecular masses (< 106 kDa) (Fig. 8A) , but the major proteins in the high-molecular-mass range (>i106 kDa) were distinctive among these strains of rickettsiae (Fig. 8) . IMTO (Fig. 9 ). Mouse antisera to strain HA-91 recognized two major antigenic proteins of all strains; one of them, with a molecular mass of 106 kDa, was common among the strains, and the other was distinctive for each rickettsia. The distinctive antigenic proteins of rickettsiae were determined to be 155 kDa in size for IMTO-85 and R. sibirica, 162 kDa for BJ-90 and BJ-91, and 180 kDa for HA-91 (Fig. 9) .
Electron microscopy. Electron microscopy showed that HA-91 rickettsiae (Fig. 10) and BJ-90 rickettsiae (Fig. 11) were free in the cytoplasm and surrounded by an electronlucent, halo-like zone which is apparently a slime layer (17 (16) . The PCR-RFLP patterns of R sibitica and R conorii Moroccan strain, which were used as positive controls in this study, coincided with those of previous studies (16) . Comparing our results with previously published data (16) and our data bank for other SF0 rickettsiae that were not used in our siliae, and Thai tick typhus rickettsia. The AluI digest patterns derived from the Rp CS.877p and Rp CS.1258n primer pair for the Chinese isolates were different from those of R akari, R. australis, and R bellii.
Our study demonstrated that there are three types of SFG rickettsiae distributed in northern China. Type 1 was antigenically and genotypically identical to R. sibirica, which was represented by IMTO-85, the rickettsia previously isolated from tick ova (9) . Type 2 was genotypically identical to and antigenically related to R sibirica, but its profile was different and the representative strain for this type is BJ-90.
Type 3 was both genotypically and antigenically unique among SFG rickettsiae, and the representative strain was HA-91. This was confirmed by IFA because the SPDs between HA-91 and other SFG rickettsiae were .3. SFG rickettsia serotypes are considered species according to current criteria (21) . One of our new isolates, HA-91, should be considered a new species of SFG rickettsiae. The new isolates BJ-90 and BJ-91 could probably be considered variant strains of R. sibirica.
Previous studies demonstrated that all SFG rickettsiae isolated from the broad area of China from Xinjiang in the west to Heilongjiang in the east were antigenically identical to R sibirica (5, 10 
